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‚ ¦´Ò³¨ ´ ¶· ¢²¥´¨Ö³¨ · §¢¨É¨Ö Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  ´Ê±²μÉ·μ´  Ö¢²ÖÕÉ¸Ö ³μ¤¨Ë¨-
± Í¨Ö ¸Ì¥³Ò Ô²¥±É·μ¶¨É ´¨Ö ¨ ³μ¤¥·´¨§ Í¨Ö ¸¨¸É¥³Ò § Ð¨ÉÒ ¸É·Ê±ÉÊ·´ÒÌ ³ £´¨Éμ¢, ¨³¥ÕÐ¨¥
Í¥²ÓÕ μ¡¥¸¶¥Î¨ÉÓ ´ ¤¥¦´ÊÕ ¤²¨É¥²Ó´ÊÕ · ¡μÉÊ ¸¨´Ì·μÉ·μ´  ¶·¨ Ê·μ¢´¥ ¶μ²Ö ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢
¤μ 2 ’². �Éμ ´¥μ¡Ìμ¤¨³μ ± ± ¤²Ö · ¡μÉÒ ´Ê±²μÉ·μ´  ¢ ¸μ¸É ¢¥ ¨´¦¥±Í¨μ´´μ° Í¥¶μÎ±¨ · §· ¡ -
ÉÒ¢ ¥³μ£μ ¢ �ˆŸˆ ÉÖ¦¥²μ¨μ´´μ£μ ±μ²² °¤¥·  NICA, É ± ¨ ¤²Ö ¢Ò¶μ²´¥´¨Ö É¥±ÊÐ¥° ¶·μ£· ³³Ò
Ë¨§¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨°. ‚ ¤μ±² ¤¥ · ¸¸³ É·¨¢ ÕÉ¸Ö ¶·¨´Í¨¶Ò ¶μ¸É·μ¥´¨Ö ¨ μ¸μ¡¥´´μ¸É¨ ¸ÊÐ¥-
¸É¢ÊÕÐ¥° ¸¨¸É¥³Ò, μ¸´μ¢ ´´μ° ´  · §¤¥²Ó´μ³ Ô²¥±É·μ¶¨É ´¨¨ ¸É·Ê±ÉÊ·´ÒÌ ¤¨¶μ²Ó´ÒÌ ¨ ±¢ ¤·Ê-
¶μ²Ó´ÒÌ ³ £´¨É´ÒÌ Ô²¥³¥´Éμ¢. ˆ§²μ¦¥´Ò μ¸´μ¢´Ò¥ ¶μ²μ¦¥´¨Ö ³μ¤¥·´¨§ Í¨¨ ¸¨¸É¥³Ò ¶¨É ´¨Ö,
¸É·Ê±ÉÊ·´Ò¥ ¨ ¶·¨´Í¨¶¨ ²Ó´Ò¥ ¸Ì¥³Ò, ¸Ì¥³Ò ·¥£Ê²¨·μ¢ ´¨Ö, ¸Ì¥³Ò ±²ÕÎ  Ô¢ ±Ê Í¨¨ Ô´¥·£¨¨ ¨§
¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì Ô²¥³¥´Éμ¢.

One of topics of the Nuclotron development is the modiˇcation of its power supply scheme and
upgrade of the energy evacuation system aimed to provide long and safe operation of the Nuclotron at
the dipole magnetic ˇeld up to 2 T. It is necessary for the Nuclotron operation as a part of injection
chain of the heavy ion collider under design in JINR as well as for fulˇllment of its current scientiˇc
program. In the report the structure and peculiarity of the existing power supply system are described.
The existing system is based on separated supply of dipole magnets and quadrupole lenses. General
goals of the power supply modiˇcation are described, structural and principal schemes of the power
supply, control system and the schemes of the energy evacuation key are presented.
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‚ 2007 £. ¢ �ˆŸˆ ´ Î ÉÒ · ¡μÉÒ ¶μ ¸μ§¤ ´¨Õ ´  ¡ §¥ ¸¨´Ì·μÉ·μ´  ´Ê±²μÉ·μ´ ´μ-
¢μ£μ Ê¸±μ·¨É¥²Ó´μ-±μ²² °¤¥·´μ£μ ±μ³¶²¥±¸  NICA (Nuclotron-based Ion Collider fAcil-
ity) [1]. ƒ² ¢´μ° Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±μ° ±μ³¶²¥±¸  NICA Ö¢²ÖÕÉ¸Ö ¤¢  ¢´μ¢Ó
¸μ§¤ ¢ ¥³ÒÌ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ±μ²ÓÍ , ¶·¥¤´ §´ Î¥´´Ò¥ ¤²Ö ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´Éμ¢
¸μ ¢¸É·¥Î´Ò³¨ ¶ÊÎ± ³¨ Ö¤¥· ÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢, ¶·μÉμ´μ¢ ¸ Ö¤· ³¨ ÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢
¨ ¶μ²Ö·¨§μ¢ ´´Ò³¨ ¶ÊÎ± ³¨ Ö¤¥· ²¥£±¨Ì Ô²¥³¥´Éμ¢ (¶·μÉμ´μ¢, ¤¥°É·μ´μ¢). Š²ÕÎ¥¢μ°
Î ¸ÉÓÕ ¶¥·¢μ° ¸É ¤¨¨ ·¥ ²¨§ Í¨¨ ¶·μ¥±É  NICA/MPD Ö¢²Ö¥É¸Ö ³μ¤¥·´¨§ Í¨Ö ¸¨´Ì·μ-
É·μ´  ´Ê±²μÉ·μ´ [2] (¶·μ¥±É ®�Ê±²μÉ·μ´-Œ¯), ¨³¥ÕÐ Ö Í¥²ÓÕ ¶·μ¤¥³μ´¸É·¨·μ¢ ÉÓ ¢μ§-
³μ¦´μ¸ÉÓ ¥£μ ¤²¨É¥²Ó´μ° ¨ ´ ¤¥¦´μ° · ¡μÉÒ ¶·¨ ¶ · ³¥É· Ì, ¡²¨§±¨Ì ± É·¥¡μ¢ ´¨Ö³
¶·μ¥±É  NICA.
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�Ê±²μÉ·μ´ Ö¢²Ö¥É¸Ö μ¸´μ¢´Ò³ Ô²¥³¥´Éμ³ ¨´¦¥±Í¨μ´´μ° Í¥¶μÎ±¨ ±μ²² °¤¥· , · -
¡μÉ ÕÐ¥£μ ¢ ·¥¦¨³¥ ´ ±μ¶¨É¥²Ö. �μÔÉμ³Ê μ´ ¤μ²¦¥´ μ¡¥¸¶¥Î¨¢ ÉÓ Ê¸±μ·¥´¨¥ ¶ÊÎ±μ¢
¨μ´μ¢ ¤μ Ô´¥·£¨¨ Ô±¸¶¥·¨³¥´É , ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¶μ²Õ ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ 2 ’². „²Ö
μ¶É¨³ ²Ó´μ£μ ·¥¦¨³  · ¡μÉÒ ¨´¦¥±Í¨μ´´μ° Í¥¶μÎ±¨, ¢±²ÕÎ ÕÐ¥° ¢ ¸¥¡Ö ¨ ¢´μ¢Ó ¸μ-
§¤ ¢ ¥³Ò° ¡Ê¸É¥·´Ò° ¸¨´Ì·μÉ·μ´ [3], É¥³¶ ·μ¸É  ¶μ²Ö ¢ ´Ê±²μÉ·μ´¥ ¤μ²¦¥´ ¸μ¸É ¢²ÖÉÓ
1 ’²/¸ (¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ³ ±¸¨³ ²Ó´Ò° É¥³¶ ·μ¸É  ¶μ²Ö · ¢¥´ 0,6 ’²/¸). „²Ö ³¨´¨³¨-
§ Í¨¨ ¶μÉ¥·Ó ¨μ´μ¢ ¢ ¶·μÍ¥¸¸¥ Ê¸±μ·¥´¨Ö ¸¨¸É¥³  ¶¨É ´¨Ö ´Ê±²μÉ·μ´  ¤μ²¦´  μ¡¥¸¶¥Î¨-
¢ ÉÓ ¸É ¡¨²Ó´μ¥ ¶μ²μ¦¥´¨¥ · ¡μÎ¥° ÉμÎ±¨ ¶·¨ ¨§³¥´¥´¨¨ ¢¥²¨Î¨´Ò ¶μ²Ö μÉ ¨´¦¥±Í¨¨
(298 ƒ¸) ¤μ ³ ±¸¨³ ²Ó´μ£μ. „²Ö ·¥Ï¥´¨Ö ÔÉ¨Ì § ¤ Î ¶·μ¢μ¤¨É¸Ö ³μ¤¥·´¨§ Í¨Ö ¸¨¸É¥³
¶¨É ´¨Ö ¨ § Ð¨ÉÒ ¸É·Ê±ÉÊ·´ÒÌ ³ £´¨Éμ¢ ¨ ²¨´§.
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Š ± ¶μ± § ² μ¶ÒÉ 15-²¥É´¥° Ô±¸¶²Ê É Í¨¨ ´Ê±²μÉ·μ´ , ´ ¨¡μ²¥¥ ¤μ·μ£μ¸ÉμÖÐ Ö Î ¸ÉÓ
Ê¸±μ·¨É¥²Ö Å ¥£μ ³ £´¨É´ Ö ¸¨¸É¥³  Å ´ Ìμ¤¨É¸Ö ¢ Ìμ·μÏ¥³ É¥Ì´¨Î¥¸±μ³ ¸μ¸ÉμÖ´¨¨, ±
´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ ´¥ μ¡´ ·Ê¦¥´μ ´¨± ±¨Ì ¶·¨§´ ±μ¢ ¤¥£· ¤ Í¨¨ ¥¥ ¶ · ³¥É·μ¢, ¨ μ´ 
¸¶μ¸μ¡´  Ê¸Éμ°Î¨¢μ · ¡μÉ ÉÓ ¥Ð¥ ´  ¶·μÉÖ¦¥´¨¨ ³´μ£¨Ì ²¥É. ‚μ ¢·¥³Ö ¸É¥´¤μ¢ÒÌ ¨¸¶Ò-
É ´¨° ³ £´¨Éμ¢ ¶¥·¥¤ ¸¡μ·±μ° ¸¨´Ì·μÉ·μ´  ¡Ò²  ¶·μ¤¥³μ´¸É·¨·μ¢ ´  ¢μ§³μ¦´μ¸ÉÓ ¨Ì
´ ¤¥¦´μ° · ¡μÉÒ ¶·¨ ³ £´¨É´μ³ ¶μ²¥ ¤μ 2,2 ’². �¤´ ±μ ³ ±¸¨³ ²Ó´ Ö ¢¥²¨Î¨´  ¶μ²Ö ¢
¤¨¶μ²Ó´ÒÌ ³ £´¨É Ì, ¤μ¸É¨£´ÊÉ Ö ´  ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö, ¸μ¸É ¢²Ö¥É ¢¸¥£μ 1,5 T². �Éμ μ¡Ñ-
Ö¸´Ö¥É¸Ö ¢ μ¸´μ¢´μ³ μ¸μ¡¥´´μ¸ÉÖ³¨ ¸ÊÐ¥¸É¢ÊÕÐ¥° ¸¨¸É¥³Ò ¶¨É ´¨Ö ¨ § Ð¨ÉÒ ¸É·Ê±ÉÊ·-
´ÒÌ ³ £´¨Éμ¢ ¨ ²¨´§. �¥·¢Ò° ¸¥ ´¸ ´Ê±²μÉ·μ´  ¡Ò² ¶·μ¢¥¤¥´ ¢ 1993 £. Œ £´¨É´μ¥ ¶μ²¥
¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ ´Ê±²μÉ·μ´  Ëμ·³¨·μ¢ ²μ¸Ó ¨¸ÉμÎ´¨±μ³ ¶¨É ´¨Ö ¢Ò¢μ¤´μ£μ ³ £´¨É 
¸¨¸É¥³Ò ¢Ò¢μ¤  ¶ÊÎ±  ¨§ ¸¨´Ì·μË §μÉ·μ´ ,   £· ¤¨¥´É ¶μ²Ö ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ Å ¨¸-
ÉμÎ´¨±μ³ Ëμ·³ £´¨É  Éμ° ¦¥ ¸¨¸É¥³Ò ¢Ò¢μ¤ . �É  ¸¨¸É¥³  μ¡² ¤ ¥É ·Ö¤μ³ ´¥¤μ¸É É±μ¢,
¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó, ³μÐ´μ¸ÉÓ ¨¸ÉμÎ´¨±  ¶¨É ´¨Ö ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ ´¥ ¶μ§¢μ²Ö¥É £ · ´-
É¨·μ¢ ÉÓ ´ ¤¥¦´ÊÕ ¤²¨É¥²Ó´ÊÕ · ¡μÉÊ ¶·¨ ¢¥²¨Î¨´¥ ¶μ²Ö ¢ÒÏ¥ 1 ’² ¨ É¥³¶¥ ·μ¸É  ¶μ²Ö
¢ÒÏ¥ 0,6 ’²/c. Š·μ³¥ Éμ£μ, ¨¸ÉμÎ´¨± ¶¨É ´¨Ö ²¨´§ μ¡² ¤ ¥É ¶μ¢ÒÏ¥´´Ò³¨ ¶Ê²Ó¸ Í¨-
Ö³¨ ¨§-§  ¶·μ¡²¥³Ò ¸μ£² ¸μ¢ ´¨Ö · ¡μÉÒ ¢ É·¥¡Ê¥³μ³ ¤¨´ ³¨Î¥¸±μ³ ¤¨ ¶ §μ´¥ (μÉ ¶μ²Ö
¨´¦¥±Í¨¨ ¤μ ³ ±¸¨³ ²Ó´μ£μ) ¸ § ¤ Î¥° ¶μ ¶μ¤¤¥·¦ ´¨Õ § ±μ´  ¸μμÉ¢¥É¸É¢¨Ö £· ¤¨¥´É 
²¨´§ ¶μ²Õ ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ ¸ § ¤ ´´μ° ÉμÎ´μ¸ÉÓÕ. �·¨ ¶μ¢ÒÏ¥´¨¨ É¥³¶  ·μ¸É 
¶μ²Ö ¸ÊÐ¥¸É¢ÊÕÐ Ö ¸Ì¥³  ´¥ ¶μ§¢μ²¨É μ¡¥¸¶¥Î¨ÉÓ £¨¡±μ¥ Ê¶· ¢²¥´¨¥ · ¡μÎ¥° ÉμÎ±μ° ´ 
´ Î ²Ó´μ° ¸É ¤¨¨ Ê¸±μ·¥´¨Ö.

„μ ¢Ò¢μ¤  ¸¨´Ì·μË §μÉ·μ´  ¨§ Ô±¸¶²Ê É Í¨¨ ¢ ±μ´Í¥ 2003 £. ¶·μ¢μ¤¨²¨¸Ó ¸¥ ´¸Ò · -
¡μÉÒ ¤¢ÊÌ Ê¸±μ·¨É¥²¥° (¸¨´Ì·μË §μÉ·μ´  ¨ ´Ê±²μÉ·μ´ ), ¨ ¨§-§  ÔÉμ£μ ¸¥·Ó¥§´ Ö ³μ¤¨Ë¨-
± Í¨Ö ¸¨¸É¥³Ò ¶¨É ´¨Ö ¡Ò²  ´¥¢μ§³μ¦´ . ‚ · ³± Ì ¶·μ¥±É  ®�Ê±²μÉ·μ´-Œ¯ ·¥ ²¨§Ê¥É¸Ö
¶μÔÉ ¶´Ò° ¶¥·¥Ìμ¤ ± ´μ¢μ° ¸Ì¥³¥ ¶¨É ´¨Ö, μ¸´μ¢ ´´μ° ´  ¶μ¸²¥¤μ¢ É¥²Ó´μ³ ¸μ¥¤¨´¥´¨¨
³ £´¨Éμ¢ ¨ ²¨´§ ´Ê±²μÉ·μ´ , ±μÉμ· Ö ¶μ§¢μ²¨É Ê¤μ¢²¥É¢μ·¨ÉÓ ¢¸¥³ É·¥¡μ¢ ´¨Ö³ ¶·μ¥±É 
NICA. ‚μ§³μ¦´μ¸ÉÓ ·¥ ²¨§ Í¨¨ É ±μ° ¸Ì¥³Ò ¡Ò²  § ²μ¦¥´  ¶·¨ · §· ¡μÉ±¥ ³ £´¨É´μ°
¸¨¸É¥³Ò ´Ê±²μÉ·μ´ : Éμ±¨ ¶¨É ´¨Ö ³ £´¨Éμ¢ ¨ ²¨´§, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ μ¶É¨³ ²Ó´μ³Ê ¶μ-
²μ¦¥´¨Õ · ¡μÎ¥° ÉμÎ±¨, μÉ²¨Î ÕÉ¸Ö ¢¸¥£μ ´  10%. �μÔÉμ³Ê ¶¨É ´¨¥ ³ £´¨É´μ° ¸¨¸É¥³Ò
³μ¦´μ μ¸ÊÐ¥¸É¢¨ÉÓ ¸ ¶μ³μÐÓÕ μ¤´μ£μ ³μÐ´μ£μ ¨¸ÉμÎ´¨±  (¸μ§¤ ¢ ¥³μ£μ ´  μ¸´μ¢¥ ·¥-
±μ´¸É·Ê¨·μ¢ ´´ÒÌ ¨³¥ÕÐ¨Ì¸Ö) ¨ ³ ²μ³μÐ´ÒÌ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¨¸ÉμÎ´¨±μ¢. 	² £μ¤ ·Ö
μÉ´μ¸¨É¥²Ó´μ ³ ²μ° ¨´¤Ê±É¨¢´μ¸É¨ ³ £´¨É´μ° ¸¨¸É¥³Ò ´Ê±²μÉ·μ´  μ¡Ð Ö ³μÐ´μ¸ÉÓ ¶¨-
É ´¨Ö ¶·¨ É¥³¶¥ ·μ¸É  ¶μ²Ö 1 ’²/¸ ´¥ ¶·¥¢ÒÏ ¥É 2,5 Œ‚É. �¥ ²¨§ Í¨Ö ´μ¢μ° ¸Ì¥³Ò
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¶¨É ´¨Ö ¶μ¤· §Ê³¥¢ ¥É É ±¦¥ ¨ ¶μ¸É·μ¥´¨¥ ·¥£Ê²ÖÉμ· , Ëμ·³¨·ÊÕÐ¥£μ § ±μ´ ¸μμÉ¢¥É-
¸É¢¨Ö ¶μ²Ö ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ £· ¤¨¥´É ³ ¶μ²¥° Ëμ±Ê¸¨·ÊÕÐ¨Ì ¨ ¤¥Ëμ±Ê¸¨·ÊÕÐ¨Ì
²¨´§ ¢ · ¡μÎ¥³ ¤¨ ¶ §μ´¥ μÉ ¶μ²Ö ¨´¦¥±Í¨¨ ¤μ ³ ±¸¨³ ²Ó´μ£μ ¸ μÉ´μ¸¨É¥²Ó´μ° ¶μ£·¥Ï-
´μ¸ÉÓÕ ´¥ ¡μ²¥¥ 5 · 10−4.

�É´μ¸¨É¥²Ó´μ ´¥§ ¢¨¸¨³μ°, ´μ ´¥ ³¥´¥¥ ¢ ¦´μ° § ¤ Î¥° Ö¢²Ö¥É¸Ö μ¡¥¸¶¥Î¥´¨¥ ¡¥§μ-
¶ ¸´μ° · ¡μÉÒ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ³ £´¨É´ÒÌ Ô²¥³¥´Éμ¢ ¢μ ¢¸¥Ì ·¥¦¨³ Ì. �·¨ ¥¥ ·¥Ï¥´¨¨
 ±Í¥´É ¤¥² ¥É¸Ö ´  É·¥¡μ¢ ´¨ÖÌ ± ¶μ¤¸¨¸É¥³¥ Ô¢ ±Ê Í¨¨ Ô´¥·£¨¨ ¨§ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì
³ £´¨Éμ¢ ¶·¨ ¶μÖ¢²¥´¨¨ ´μ·³ ²Ó´μ° Ë §Ò. ‘μ§¤ ´´ Ö ¢ 1993 £. ¸¨¸É¥³  Ô¢ ±Ê Í¨¨ Ô´¥·-
£¨¨ ´  ¨³¥ÕÐ¨Ì¸Ö ¢ Éμ ¢·¥³Ö ¸¨²μ¢ÒÌ ¶μ²Ê¶·μ¢μ¤´¨±μ¢ÒÌ ¶·¨¡μ· Ì §  ¶·μÏ¥¤Ï¥¥ ¢·¥³Ö
³μ¤¥·´¨§ Í¨¨ ´¥ ¶μ¤¢¥·£ ² ¸Ó. �¶ÒÉ Ô±¸¶²Ê É Í¨¨ Ê¸±μ·¨É¥²Ö ¶μ§¢μ²¨² ¢ÒÖ¢¨ÉÓ ¸² ¡Ò¥
³¥¸É  ¸¨¸É¥³Ò ¨ ¸¤¥² ÉÓ ¢Ò¢μ¤ μ ´¥¢μ§³μ¦´μ¸É¨ ¶μ²ÊÎ¨ÉÓ ³ ±¸¨³ ²Ó´μ¥ ¶μ²¥ (Ô´¥·£¨Õ
Î ¸É¨Í) ¡¥§ ¥¥ ± ¶¨É ²Ó´μ° ·¥±μ´¸É·Ê±Í¨¨. �  μ¸´μ¢ ´¨¨  ´ ²¨§  ´ £·¥¢  μ¡³μÉμ± ³ £-
´¨Éμ¢ ¶·¨ ¸·Ò¢¥ ¸¢¥·Ì¶·μ¢μ¤¨³μ¸É¨ [4] ¡Ò²  · §· ¡μÉ ´  ¸¨¸É¥³  Ô¢ ±Ê Í¨¨ Ô´¥·£¨¨ ´ 
μ¸´μ¢¥ Ï¥¸É¨ É¨·¨¸Éμ·´ÒÌ ±²ÕÎ¥°, ±μÉμ· Ö ¶·¨ ¶μ¸²¥¤μ¢ É¥²Ó´μ³ ¸μ¥¤¨´¥´¨¨ ³ £´¨Éμ¢
¨ ²¨´§ μ¡¥¸¶¥Î¨¢ ¥É É·¥¡Ê¥³ÊÕ ¸É¥¶¥´Ó ´ ¤¥¦´μ¸É¨ § Ð¨ÉÒ.
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‘μ§¤ ¢ ¥³ Ö ¢ · ³± Ì ¶·μ¥±É  ®�Ê±²μÉ·μ´-Œ¯ ¸¨¸É¥³  ¶¨É ´¨Ö ¸μ¸Éμ¨É ¨§ É¥Ì ¦¥
Ô²¥³¥´Éμ¢, ÎÉμ ¨ ¸Ì¥³ , ¸ÊÐ¥¸É¢ÊÕÐ Ö ´  ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö. ‚ ¸ÊÐ¥¸É¢ÊÕÐ¥° ¸Ì¥³¥
(·¨¸. 1) ¨¸ÉμÎ´¨± Éμ±  ˆ�1 ¸ ´μ³¨´ ²Ó´Ò³¨ ¶ · ³¥É· ³¨ 300 ‚× 3150 � § ¶¨ÉÒ¢ ¥É
Í¥¶Ó ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ (Œ). ˆ¸ÉμÎ´¨± Éμ±  ˆ�2 ¸ ´μ³¨´ ²Ó´Ò³¨ ¶ · ³¥É· ³¨
150 ‚× 6300 � § ¶¨ÉÒ¢ ¥É Í¥¶Ó ²¨´§. ’μ± · §¡ ² ´¸  ³¥¦¤Ê Ëμ±Ê¸¨·ÊÕÐ¨³¨ (”) ¨
¤¥Ëμ±Ê¸¨·ÊÕÐ¨³¨ („) ²¨´§ ³¨ Ëμ·³¨·Ê¥É¸Ö ¨¸ÉμÎ´¨±μ³ ˆ�3. ‚ ¸²ÊÎ ¥ ¶μÖ¢²¥´¨Ö ´μ·-

�¨¸. 1. �·¨´Í¨¶¨ ²Ó´ Ö ¸Ì¥³  ¸ÊÐ¥¸É¢ÊÕÐ¥° ¸¨¸É¥³Ò ¶¨É ´¨Ö. ˆ� Å ¨¸ÉμÎ´¨± ¶¨É ´¨Ö; �” Å

¶ ¸¸¨¢´Ò° Ë¨²ÓÉ·; ‘�� Å ¸¨¸É¥³  Ô¢ ±Ê Í¨¨ Ô´¥·£¨¨; Š’ Å É¨·¨¸Éμ·´Ò° ±²ÕÎ; �� Å Ô²¥±-
É·μ´´Ò° · §³Ò± É¥²Ó; Œ Å ¤¨¶μ²Ó´Ò° ³ £´¨É; ” Å Ëμ±Ê¸¨·ÊÕÐ Ö ²¨´§ ; „ Å ¤¥Ëμ±Ê¸¨·ÊÕÐ Ö

²¨´§ 
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³ ²Ó´μ° Ë §Ò Ô¢ ±Ê Í¨Ö § ¶ ¸¥´´μ° Ô´¥·£¨¨ ¨§ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ³ £´¨Éμ¢ Œ ¨ ” +„
μ¸ÊÐ¥¸É¢²Ö¥É¸Ö §  ¸Î¥É § ¶¨· ´¨Ö É¨·¨¸Éμ·´ÒÌ ±²ÕÎ¥° Š’1ÄŠ’7, ¢±²ÕÎ¥´´ÒÌ ¶μ¸²¥-
¤μ¢ É¥²Ó´μ ¸ ³ £´¨É ³¨, ¨ ¢¢μ¤μ³ ¢ Í¥¶Ó ·¥§¨¸Éμ·μ¢ £ Ï¥´¨Ö ¶μ²Ö. ˆ´¤Ê±É¨¢´μ¸É¨
£·Ê¶¶ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ³ £´¨Éμ¢, ±μ²¨Î¥¸É¢μ ±²ÕÎ¥° ¨ ¸μ¶·μÉ¨¢²¥´¨¥ ·¥§¨¸Éμ·μ¢ £ Ï¥-
´¨Ö ¢Ò¡· ´Ò É ±¨³ μ¡· §μ³, ÎÉμ¡Ò ´ ¶·Ö¦¥´¨¥ ´  Éμ±μ¢¢μ¤ Ì μÉ´μ¸¨É¥²Ó´μ ¶μÉ¥´Í¨ ² 
®§¥³²¨¯ ¶·¨ Ô¢ ±Ê Í¨¨ ´¥ ¶·¥¢ÒÏ ²μ 500 ‚ ¶·¨ ¢Ò¢μ¤¥ Éμ±  ¸ ¶μ¸ÉμÖ´´μ° ¢·¥³¥´¨
160 ³¸ [2]. ˆ¸ÉμÎ´¨±¨ ˆ�1, ˆ�2 ¨³¥ÕÉ ´  ¢ÒÌμ¤¥ É¨·¨¸Éμ·´Ò¥ ±²ÕÎ¨, ¢±²ÕÎ ¥³Ò¥
¶·¨ Ô¢ ±Ê Í¨¨ Ô´¥·£¨¨.

�μ³¨´ ²Ó´Ò° Éμ± ¨¸ÉμÎ´¨±  ˆ�1 ¶·¨³¥·´μ ¢ ¤¢  · §  ³¥´ÓÏ¥, Î¥³ Éμ±, É·¥¡Ê¥³Ò°
¤²Ö ¸μ§¤ ´¨Ö ¶μ²Ö 2 ’² (6 ±�), ¶μÔÉμ³Ê ¥£μ ´ ¤¥¦´ Ö Ô±¸¶²Ê É Í¨Ö ´¥¢μ§³μ¦´  ¢ ·¥-
¦¨³ Ì ¸ ¶·μ¤μ²¦¨É¥²Ó´Ò³ ®¸Éμ²μ³¯ ¶μ²Ö ¨ ¶·¨ ¢Ò¸μ±μ° Î ¸ÉμÉ¥ ¶μ¢Éμ·¥´¨Ö Í¨±²μ¢
Ê¸±μ·¥´¨Ö. Š ± ¶μ± §Ò¢ ¥É  ´ ²¨§, ¢ ¸Ì¥³¥ ¶¨É ´¨Ö ²¨´§ „+” ¶·¨ ¸·Ò¢¥ ¸¢¥·Ì¶·μ¢μ-
¤¨³μ¸É¨ ¨ μ¤´μ¢·¥³¥´´μ³ ¢ÒÌμ¤¥ ¨§ ¸É·μÖ ¸¨²μ¢μ£μ É¨·¨¸Éμ·  (¶μ ¶·¨Î¨´¥ ¶·μ¡μÖ ¨²¨
±μ·μÉ±μ£μ § ³Ò± ´¨Ö) ±²ÕÎ  Š’6 ¨²¨ Š’7 ¢μ§³μ¦¥´ ´ £·¥¢ μ¡³μÉ±¨ ²¨´§ ¤μ 450 Š, ÎÉμ
Ö¢²Ö¥É¸Ö ¸μ¢¥·Ï¥´´μ ´¥¤μ¶Ê¸É¨³Ò³. “¸É· ´¨ÉÓ ÔÉ¨ ¨ ¤·Ê£¨¥ ¶·μ¡²¥³´Ò¥ ³¥¸É  ³μ¦´μ,
¶¥·¥°¤Ö ± ¸Ì¥³¥ ¶¨É ´¨Ö ¸ ¶μ¸²¥¤μ¢ É¥²Ó´Ò³ ¸μ¥¤¨´¥´¨¥³ ¸É·Ê±ÉÊ·´ÒÌ ³ £´¨Éμ¢ ¨ ²¨´§
´Ê±²μÉ·μ´  (·¨¸. 2). �·¨ ÔÉμ³ ·¥Ï ÕÉ¸Ö ¸²¥¤ÊÕÐ¨¥ § ¤ Î¨:

• ¶μ¢ÒÏ ¥É¸Ö ´ ¤¥¦´μ¸ÉÓ · ¡μÉÒ ¸¨¸É¥³Ò Ô¢ ±Ê Í¨¨ Ô´¥·£¨¨,
• μ¡¥¸¶¥Î¨¢ ¥É¸Ö μ¶É¨³ ²Ó´ Ö § £·Ê§±  μ¸´μ¢´ÒÌ ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö,
• Ê¶·μÐ ¥É¸Ö ·¥£Ê²ÖÉμ· Ëμ·³¨·μ¢ ´¨Ö § ±μ´  ¸μμÉ¢¥É¸É¢¨Ö ¶μ²Ö £· ¤¨¥´ÉÊ.

�¨¸. 2. �·¨´Í¨¶¨ ²Ó´ Ö ¸Ì¥³  ¸¨¸É¥³Ò ¶μ¸²¥¤μ¢ É¥²Ó´μ£μ ¶¨É ´¨Ö. ƒˆ� Å £² ¢´Ò° ¨¸ÉμÎ´¨± ¶¨-
É ´¨Ö Å ±μ³¡¨´ Í¨Ö ˆ�1Äˆ�2; �” Å ¶ ¸¸¨¢´Ò° Ë¨²ÓÉ·; ˆ�3 Å ¨¸ÉμÎ´¨± Éμ±μμÉ¡μ· ; ˆ�4 Å

¨¸ÉμÎ´¨± Éμ±μ¤μ¡ ¢±¨; ‘�� Å ¸¨¸É¥³  Ô¢ ±Ê Í¨¨ Ô´¥·£¨¨; �� Å Ô²¥±É·μ´´Ò° · §³Ò± É¥²Ó; Š’ Å

É¨·¨¸Éμ·´Ò° ±²ÕÎ



� §¢¨É¨¥ ¸¨¸É¥³Ò ¶¨É ´¨Ö ´Ê±²μÉ·μ´  839

‚ ÔÉμ° ¸Ì¥³¥ ¨¸ÉμÎ´¨± Éμ±  ƒˆ� ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¶μ¸²¥¤μ¢ É¥²Ó´μ¥ ¸μ¥¤¨´¥´¨¥
ˆ�2 ¨ ³μ¤¨Ë¨Í¨·μ¢ ´´μ£μ ˆ�1. ‚ÒÌμ¤´Ò¥ ¶ · ³¥É·Ò ƒˆ� 300 ‚× 6300 �. � ¸-
¸¨¢´Ò° Ë¨²ÓÉ· �” Ö¢²Ö¥É¸Ö ±μ³¡¨´ Í¨¥° �”1 ¨ �”2. ‘¨¸É¥³  Ô¢ ±Ê Í¨¨ Ô´¥·£¨¨
¸μ¸Éμ¨É ¨§ Ï¥¸É¨ É¨·¨¸Éμ·´ÒÌ ±²ÕÎ¥° Š’1ÄŠ’6. „²Ö ¢Ò¡μ·  · ¡μÎ¥° ÉμÎ±¨ Ê¸±μ·¨-
É¥²Ö ¶·¥¤´ §´ Î¥´Ò ¤¢  ¤μ¶μ²´¨É¥²Ó´ÒÌ ¨¸ÉμÎ´¨± : ¨¸ÉμÎ´¨± Éμ±μμÉ¡μ·  ˆ�3 ¸ ¶ · -
³¥É· ³¨ 100 ‚× 600 � ¨§ Í¥¶¨ ²¨´§ ”+ „ ¨ ¨¸ÉμÎ´¨± Éμ±μ¤μ¡ ¢±¨ ˆ�4 ¸ ¶ · ³¥É· ³¨
75 ‚× 200 � ¢ ²¨´§Ò ”. „μ¶μ²´¨É¥²Ó´Ò¥ ¨¸ÉμÎ´¨±¨ ¶μ¤±²ÕÎ¥´Ò ± ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥°
´ £·Ê§±¥ Î¥·¥§ Ô²¥±É·μ´´Ò¥ · §³Ò± É¥²¨ ��1Ä��4 (Ô²¥³¥´ÉÒ ‘��), ¢Ò¶μ²´¥´´Ò¥ ´ 
¡ §¥ IGBT-³μ¤Ê²¥°.

�¸μ¡¥´´μ ´ ¤μ μÉ³¥É¨ÉÓ, ÎÉμ ¢ ÔÉμ° ¸Ì¥³¥ ¶·¨ ¸·Ò¢¥ ¸¢¥·Ì¶·μ¢μ¤¨³μ¸É¨ ¨ μ¤´μ-
¢·¥³¥´´μ³ ¢ÒÌμ¤¥ ¨§ ¸É·μÖ ¸¨²μ¢μ£μ É¨·¨¸Éμ·  ±²ÕÎ  Š’ ¶μ¸²¥¤¸É¢¨Ö ¶¥·¥£·¥¢  ¸¢¥·Ì-
¶·μ¢μ¤ÖÐ¥£μ Ô²¥³¥´É  ´¥ ¡Ê¤ÊÉ ± É ¸É·μË¨Î´Ò Å ´ £·¥¢ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥° μ¡³μÉ±¨ ´¥
¶·¥¢Ò¸¨É 300 Š. ˆ´Ò³¨ ¸²μ¢ ³¨, ¤²Ö ÏÉ É´μ° Ô¢ ±Ê Í¨¨ Ô´¥·£¨¨ ¨§ ¢¸¥Ì ¸É·Ê±ÉÊ·´ÒÌ
³ £´¨É´ÒÌ Ô²¥³¥´Éμ¢ ´Ê±²μÉ·μ´  ¤μ¸É ÉμÎ´μ ¶ÖÉ¨ ±²ÕÎ¥° Š’.

3. ‘•…Œ� �…ƒ“‹ˆ��‚��ˆŸ

‘É·Ê±ÉÊ·´ Ö ¸Ì¥³  ·¥£Ê²¨·μ¢ ´¨Ö, ¨§μ¡· ¦¥´´ Ö ´  ·¨¸. 3, É ±¦¥ ¶μ¸É·μ¥´  ´  É¥Ì
¦¥ ¡ §μ¢ÒÌ Ô²¥³¥´É Ì, ÎÉμ ¨ ¸ÊÐ¥¸É¢ÊÕÐ Ö. �·μ¶μ·Í¨μ´ ²Ó´Ò° ·¥£Ê²ÖÉμ· ƒˆ�, Ê¶· -
¢²Ö¥³Ò° ¸¨£´ ² ³¨ μ¶μ·Ò B0 ¨ μ¡· É´μ° ¸¢Ö§¨ B, Ëμ·³¨·Ê¥É μ¸´μ¢´μ° Éμ± ¢ Í¥¶¨
ŒÄ”Ä„. ‚¥²¨Î¨´  · §¡ ² ´¸  Éμ±μ¢ Í¥¶¥° Œ ¨ (” +„) § ¤ ¥É¸Ö ±μÔËË¨Í¨¥´Éμ³ ¸¢Ö§¨
k1. ‘¨£´ ² k1‚ Ö¢²Ö¥É¸Ö μ¶μ·´Ò³,   ¸¨£´ ² GF £· ¤¨¥´É  ¶μ²Ö ²¨´§ ” Å μ¡· É´μ°
¸¢Ö§ÓÕ ¤²Ö ¶·μ¶μ·Í¨μ´ ²Ó´μ-¨´É¥£· ²Ó´μ-¤¨ËË¥·¥´Í¨ ²Ó´μ£μ ·¥£Ê²ÖÉμ·  Éμ±  �ˆ„ ¨¸-

�¨¸. 3. ‘Ì¥³  ·¥£Ê²¨·μ¢ ´¨Ö. ˆ�� Å ¨§³¥·¨É¥²Ó´Ò° ¶μ²Ê¶¥·¨μ¤; ”ˆ Å ¨§³¥·¨É¥²Ó´ Ö ²¨´§  ”;

GF Å £· ¤¨¥´É ¶μ²Ö ”-²¨´§; „ˆ Å ¨§³¥·¨É¥²Ó´ Ö ²¨´§  „; GD Å £· ¤¨¥´É ¶μ²Ö „-²¨´§;

Œˆ Å ¨§³¥·¨É¥²Ó´Ò° ³ £´¨É; B Å ¶μ²¥ ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢; –‡� Å Í¨±²μ§ ¤ ÕÐ Ö  ¶¶ -
· ÉÊ· ; �–� Å  ´ ²μ£μ-Í¨Ë·μ¢μ° ¶·¥μ¡· §μ¢ É¥²Ó; –�� Å Í¨Ë·μ ´ ²μ£μ¢Ò° ¶·¥μ¡· §μ¢ É¥²Ó;

k Å ³´μ¦¨É¥²Ó´Ò° Ê¸¨²¨É¥²Ó; “‘� Å Ê¸¨²¨É¥²Ó ¸¨£´ ²  μÏ¨¡±¨; �ˆ„ Å ¶·μ¶μ·Í¨μ´ ²Ó´μ-

¨´É¥£· ²Ó´μ-¤¨ËË¥·¥´Í¨ ²Ó´Ò° ·¥£Ê²ÖÉμ·; � Å ¶·μ¶μ·Í¨μ´ ²Ó´Ò° ·¥£Ê²ÖÉμ·
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ÉμÎ´¨±  ˆ�3. �´ ²μ£¨Î´μ ¶μ¸É·μ¥´ ·¥£Ê²ÖÉμ· ˆ�4, ¢ ±μÉμ·μ³ · §¡ ² ´¸ Éμ±μ¢ Í¥¶¥°
” ¨ „ § ¤ ¥É¸Ö ±μÔËË¨Í¨¥´Éμ³ ¸¢Ö§¨ k2,   μ¡· É´ Ö ¸¢Ö§Ó Å ÔÉμ ¸¨£´ ² GD (£· ¤¨¥´É
¶μ²Ö ²¨´§ „).

4. ‘ˆ‘’…Œ� �‚�Š“�–ˆˆ ��…�ƒˆˆ

‡  μ¸´μ¢Ê ±²ÕÎ  Ô¢ ±Ê Í¨¨ Ô´¥·£¨¨ ¶·¨´ÖÉ  ¸Ì¥³  É¨·¨¸Éμ·´μ-±μ´¤¥´¸ Éμ·´μ£μ ±μ³-
³ÊÉ Éμ· . �±¢¨¢ ²¥´É´ Ö ¸Ì¥³  ¤²Ö · ¸Î¥Éμ¢ ¶¥·¥Ìμ¤´ÒÌ ¶·μÍ¥¸¸μ¢ ¶·¨ Ô¢ ±Ê Í¨¨ Ô´¥·-
£¨¨ ¨§μ¡· ¦¥´  ´  ·¨¸. 4,  ,   ´  ·¨¸. 4, ¡ ¶·¥¤¸É ¢²¥´Ò Ô¶Õ·Ò Éμ±μ¢ ¨ ´ ¶·Ö¦¥´¨° ¢
±²ÕÎ¥ Ô¢ ±Ê Í¨¨ Ô´¥·£¨¨. ‚ ´μ·³ ²Ó´μ³ ¸μ¸ÉμÖ´¨¨ (¨´É¥·¢ ² t0−t1 ·¨¸. 4, ¡) Éμ± ´ -
£·Ê§±¨ É¥Î¥É Î¥·¥§ ¸¨²μ¢μ° É¨·¨¸Éμ· ’‘. �·¨ ¸·Ò¢¥ ¸¢¥·Ì¶·μ¢μ¤¨³μ¸É¨ ¢ ³μ³¥´É t1
§ ¶¨· ¥É¸Ö ¨¸ÉμÎ´¨± Éμ±  ˆ�, ¢±²ÕÎ ¥É¸Ö É¨·¨¸Éμ·´Ò° § ³Ò± É¥²Ó ’Š‚ ¨ É¨·¨¸Éμ· ’Š.
�·¨ ÔÉμ³ §  ¸Î¥É ¶·¥¤¢ ·¨É¥²Ó´μ£μ § ·Ö¤  ¥³±μ¸É¨ ‘± ´ Î¨´ ¥É¸Ö ¶·μÍ¥¸¸ ¢Ò¢μ¤  Éμ± 
¨§ ’‘ ¢ ±μ³³ÊÉ Í¨μ´´ÊÕ Í¥¶Ó ‘±ÄL±Ä’Š (¨´É¥·¢ ² t1−t2). ‚ É¥Î¥´¨¥ t2−t3 Éμ± É¥Î¥É
Éμ²Ó±μ Î¥·¥§ ±μ³³ÊÉ Í¨μ´´ÊÕ Í¥¶Ó ¨ ¶·¨ ÔÉμ³ ± ’‘ ¶·¨±² ¤Ò¢ ¥É¸Ö § ¶¨· ÕÐ¥¥ ´ -
¶·Ö¦¥´¨¥. ˆ´É¥·¢ ² t2−t3 ¤μ²¦¥´ ¡ÒÉÓ ¡μ²ÓÏ¥, Î¥³ ¢·¥³Ö ¢Ò±²ÕÎ¥´¨Ö É¨·¨¸Éμ·  ’‘.
�¥·¥¢μ¤ Éμ±  ¨§ ±μ³³ÊÉ Í¨μ´´μ° Í¥¶¨ ¢ Í¥¶Ó ·¥§¨¸Éμ·  £ Ï¥´¨Ö ¶μ²Ö R£ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
´  ¨´É¥·¢ ²¥ t3−t4. ‘ ³μ³¥´É  t4 ¶·μÍ¥¸¸ ¢Ò¢μ¤  Éμ±  μ¶·¥¤¥²Ö¥É¸Ö ¨´¤Ê±É¨¢´μ¸ÉÓÕ
´ £·Ê§±¨ L´ ¨ ¸μ¶·μÉ¨¢²¥´¨¥³ R£. � ¸Î¥É´Ò¥ ¢¥²¨Î¨´Ò ¢·¥³¥´´ÒÌ ¨´É¥·¢ ²μ¢ ¶·μÍ¥¸-
¸μ¢ ±μ³³ÊÉ Í¨¨ Éμ±  6 ±�, ¶·¨¢¥¤¥´´Ò¥ ´  ·¨¸. 4, ¡, ¸μμÉ¢¥É¸É¢ÊÕÉ ¶ · ³¥É· ³ ¨Éμ£μ¢μ°
¸Ì¥³Ò ±²ÕÎ  Ô¢ ±Ê Í¨¨ Ô´¥·£¨¨, ¶·¥¤¸É ¢²¥´´μ° ´  ·¨¸. 5.

‚Ò¡μ· ¸Ì¥³μÉ¥Ì´¨Î¥¸±¨Ì ·¥Ï¥´¨° ¨ ¸μ¸É ¢´ÒÌ Ô²¥³¥´Éμ¢ ±²ÕÎ  ¡ §¨·μ¢ ²¸Ö ´ 
¶·¨´Í¨¶¥ ¶μ¢ÒÏ¥´´μ° ´ ¤¥¦´μ¸É¨ · ¡μÉÒ Ê¸É·μ°¸É¢  ¸ ÊÎ¥Éμ³ ¢μ§³μ¦´μ¸É¨ ¤¨ £´μ¸É¨-
·μ¢ ´¨Ö ¶·μÍ¥¸¸μ¢. ‚ ± Î¥¸É¢¥ ¸¨²μ¢ÒÌ ¶μ²Ê¶·μ¢μ¤´¨±μ¢ÒÌ ¶·¨¡μ·μ¢ ’‘ ¨ ’Š ¢Ò¡· ´Ò
¡Ò¸É·μ¤¥°¸É¢ÊÕÐ¨¥ É¨·¨¸Éμ·Ò É¨¶  ’	373-2000-20 ¸ ¤μ¶Ê¸É¨³Ò³ ¸·¥¤´¨³ Éμ±μ³ 2 ±�,
´ ¶·Ö¦¥´¨¥³ 2 ±‚, ¢·¥³¥´¥³ ¢Ò±²ÕÎ¥´¨Ö ´¥ ¡μ²¥¥ 80 ³±¸. ‚ ± Î¥¸É¢¥ ¡ ²² ¸É´μ£μ
·¥§¨¸Éμ·  R¡, ¢Ò¶μ²´ÖÕÐ¥£μ ËÊ´±Í¨¨ Éμ±μ¤¥²¥´¨Ö ³¥¦¤Ê ’‘ ¨ ¤ ÉÎ¨±μ³ Éμ±  ¤²Ö ¸Ì¥³
 ¢Éμ³ É¨±¨ ¨ ¤¨ £´μ¸É¨±¨, ¢§ÖÉ ¸¨²μ¢μ° ¡¥§Ò´¤Ê±É¨¢´Ò° ´¨§±μμ³´Ò° ·¥§¨¸Éμ·-ÏÊ´É
É¨¶  �ŠÏ173-0,0005 ´μ³¨´ ²μ³ 0,5 ³�³, ¸¶¥Í¨ ²Ó´μ · §· ¡μÉ ´´Ò° ¨ ¨§£μÉμ¢²¥´´Ò°
¤²Ö ±²ÕÎ  Ô¢ ±Ê Í¨¨ ¸¶¥Í¨ ²¨¸É ³¨ ‚¸¥·μ¸¸¨°¸±μ£μ Ô²¥±É·μÉ¥Ì´¨Î¥¸±μ£μ ¨´¸É¨ÉÊÉ  [5].

�¨¸. 4. ‘Ì¥³  ±²ÕÎ  Ô¢ ±Ê Í¨¨ ( ) ¨ ±μ³³ÊÉ Í¨μ´´Ò¥ ¶·μÍ¥¸¸Ò ¶·¨ Ô¢ ±Ê Í¨¨ Ô´¥·£¨¨ (¡). ˆ� Å

¨¸ÉμÎ´¨± Éμ± ; ’Š‚ Å É¨·¨¸Éμ·´Ò° § ³Ò± É¥²Ó; ’‘ Å É¨·¨¸Éμ· ¸¨²μ¢μ°; R¡ Å ¡ ²² ¸É´Ò° ·¥§¨-
¸Éμ·; ’Š Å É¨·¨¸Éμ· ±μ³³ÊÉ Í¨μ´´Ò°; ‘± Å ±μ´¤¥´¸ Éμ·; U0 Å ´ ¶·Ö¦¥´¨¥ ¶·¥¤¢ ·¨É¥²Ó´μ£μ

§ ·Ö¤  ‘±; L± Å ±μ³³ÊÉ Í¨μ´´ Ö ± ÉÊÏ± ; R£ Å ·¥§¨¸Éμ· £ Ï¥´¨Ö ¶μ²Ö; L´ Å ¨´¤Ê±É¨¢´μ¸ÉÓ

´ £·Ê§±¨
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�¨¸. 5. �·¨´Í¨¶¨ ²Ó´ Ö ¸Ì¥³  ±²ÕÎ  Ô¢ ±Ê Í¨¨ Ô´¥·£¨¨ Š’. ‘±1=‘±2 Å ±μ´¤¥´¸ Éμ·´ Ö ¡ É ·¥Ö

6 ³”× 1000 ‚; L±1=L±2 Å ±μ³³ÊÉ Í¨μ´´ Ö ± ÉÊÏ±  3 ³±ƒ´; ’‘1Ä’‘4 Å É¨·¨¸Éμ· ¸¨²μ¢μ° É¨¶ 
’	373-2000-20; ’Š1,2 Å É¨·¨¸Éμ· ±μ³³ÊÉ Í¨μ´´Ò° É¨¶  ’	373-2000-20; R¡1ÄR¡4 Å ¡ ²² ¸É´Ò°

·¥§¨¸Éμ· É¨¶  �ŠÏ173-0,0005 ´μ³¨´ ²μ³ 0,5 ³�³; R£1ÄR£8 Å ·¥§¨¸Éμ· £ Ï¥´¨Ö ¶μ²Ö É¨¶  	8“2

´μ³¨´ ²μ³ 1,2 �³; ˜ˆ1Ä˜ˆ4 Å ÏÊ´É ¨§³¥·¨É¥²Ó´Ò° É¨¶  75˜ˆ‘-750

�¸´μ¢μ° ¤¢ÊÌ ±μ³³ÊÉ Í¨μ´´ÒÌ Í¥¶¥° Ö¢²ÖÕÉ¸Ö ±μ´¤¥´¸ Éμ·´Ò¥ ¡ É ·¥¨, ± ¦¤ Ö ¨§ ±μÉμ-
·ÒÌ ¸μ¸Éμ¨É ¨§ 30 ±μ´¤¥´¸ Éμ·μ¢ É¨¶  Œ	ƒ‚-1000 ‚Ä200 ³±”. � · ³¥É·Ò ±μ³³ÊÉ Í¨μ´-
´μ° Í¥¶¨ ¢Ò¡· ´Ò É ±¨³ μ¡· §μ³, ÎÉμ ¤²Ö § ¶¨· ´¨Ö ’‘ ¸ ¤¢μ°´Ò³ § ¶ ¸μ³ ¶μ ¢·¥³¥´¨
¢Ò±²ÕÎ¥´¨Ö ¤μ¸É ÉμÎ´μ Éμ²Ó±μ μ¤´μ° ±μ³³ÊÉ Í¨μ´´μ° Í¥¶¨. �¥§¨¸Éμ· £ Ï¥´¨Ö ¶μ²Ö ¸μ-
¸Éμ¨É ¨§ ¢μ¸Ó³¨ ¶ · ²²¥²Ó´μ ¢±²ÕÎ¥´´ÒÌ ¸μ¶·μÉ¨¢²¥´¨° É¨¶  	8“2. �μ¸²¥¤μ¢ É¥²Ó´μ
¸ ¶ · ³¨ ·¥§¨¸Éμ·μ¢ ¢±²ÕÎ¥´Ò ¤ ÉÎ¨±¨ Éμ±  ¤²Ö ±μ´É·μ²Ö · ¢´μ³¥·´μ£μ · ¸¶·¥¤¥²¥´¨Ö
Éμ±  ¶·¨ Ô¢ ±Ê Í¨¨.

‡�Š‹�—…�ˆ…

‚ 37-³ ¸¥ ´¸¥ ´Ê±²μÉ·μ´  [6] ¡Ò² ¶·μ¢¥¤¥´ Ô±¸¶¥·¨³¥´É ¸ ¶μ¸²¥¤μ¢ É¥²Ó´Ò³ ¸μ¥¤¨-
´¥´¨¥³ ³ £´¨Éμ¢ ¨ ²¨´§, ¢ ·¥§Ê²ÓÉ É¥ ±μÉμ·μ£μ ¡Ò²¨ ¶·μ¤¥³μ´¸É·¨·μ¢ ´Ò ¶·¥¨³ÊÐ¥¸É¢ 
¤ ´´μ° ¸Ì¥³Ò, ¢ Î ¸É´μ¸É¨, ¶μ± § ´μ, ÎÉμ ¶Ê²Ó¸ Í¨¨ ¢ ²¨´§ Ì ”+ „ ¸É ²¨ ¡μ²¥¥ Î¥³ ´ 
¶μ·Ö¤μ± ³¥´ÓÏ¥, Î¥³ ¢ ¸Ì¥³¥ ¸ · §¤¥²Ó´Ò³ ¶¨É ´¨¥³.

�μ ¶·¨´Í¨¶ ³ ¨ ¸Ì¥³ ³, ¨§²μ¦¥´´Ò³ ¢ÒÏ¥, ¨§£μÉμ¢²¥´ ¶·μÉμÉ¨¶ ±²ÕÎ  Ô¢ ±Ê Í¨¨
Ô´¥·£¨¨ ¨ ¶·μ¢¥¤¥´Ò ¥£μ É¥¸Éμ¢Ò¥ ¨¸¶ÒÉ ´¨Ö. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¨§£μÉ ¢²¨¢ ÕÉ¸Ö ÏÉ É-
´Ò¥ ±²ÕÎ¨ Ô¢ ±Ê Í¨¨.

‡ ¢¥·Ï¥´¨¥ ³μ¤¥·´¨§ Í¨¨ ¸¨¸É¥³ ¶¨É ´¨Ö ¨ § Ð¨ÉÒ ¶² ´¨·Ê¥É¸Ö ¢ 2010 £.
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